Introduction
Oscillating/pulsating heat pipes (OHPs/PHPs) is a kind of new high efficiency heat transfer device which is invented by Japanese scholar H. Akachi in 1994 [1~4] , due to their simple and small structures, cost effectiveness, and excellent thermal performance are attracting deep and wide concern from companies, universities and research institutes all over the world [5, 6] . The oscillating heat pipe is a perfect element for transporting heat from exhaust gas to fresh air flow. Condensation phenomenon will occur along with a large amount of latent heat release if the heat pipe temperature below the dew point temperature of the exhaust gas (high temperature and high humidity gas) in hot air flow tunnels. The heat transfer coefficient in hot air flow tunnels is changing with the condensation strength, which has a great relationship with gas moisture content.
The author performed a series of tests to research the heat transfer coefficient which is very useful in the oscillating heat pipes design process.
Experimental Set-up
The oscillating heat pipe heat exchanging experimental system is shown in Fig. 1 , the experimental system consists of oscillating heat pipe heat exchanger, air heaters, steam generator, data acquisition unit, gas flow meter, et al.
The type and property of the device is shown in Table 1 . The oscillating heat pipe heat exchanger consists of four units of oscillating heat pipes, which are made from copper. The outer diameter of the pipe is 4 mm with an inner diameter of 3mm. The working fluid in the pipes is distilled water with a volume filling ratio of about 50%. The total length of each pipe unit is 11.7m with 20 turns. The structure of oscillating heat pipe heat exchanger is shown in Fig.2 . Typical heat exchanger is divided into three section, evaporation section, insulation section and condensation section. The exposed length in both evaporation section and condensation section are 220 mm. The length of the heat insulation section is 120 mm. Both hot and cold air flow tunnels are quadrate in cross-section with an area of 200×300 mm 2 and a length of 1000mm. In order to investigate the influence of relative humidity of hot gas on the heat transfer coefficient in hot air flow tunnels of oscillating heat pipe heat exchanger, a special vapor generator was installed and joined to hot air pipe. It consists of water container, water pump, water flux meter and electric heater. In order to get the expected hot air inlet temperature, two electric heaters were installed at each temperature measuring points Fig.1 Experimental System 1-blower A; 2-air flowmeter A; 3-air heater; 4-water channel; 5-pump; 6-liquid flowmeter; 7-steam generator; 8-steam insulating heater;9-oscillating heat pipe heat exchanger; 10-air flowmeter B; 11-blower B; 12-data acquisition unit; 13-PC Fig.2 The structure of the heat pipe and the temperature measuring point arrangement 1-condensate section; 2-insulation section; 3-evaporation section; 4-hot air flow tunnels；5-cold air flow tunnels side of the vapor inlet position of the hot air flow tube. The power of each heater, including the vapor generator, can be adjusted by its silica controller. Two aerometers were respectively connected to hot and cold air tubes to control the air flow rates. 'K' type thermocouples were used to measure the temperature of hot gas flow, fresh air flow and the surface temperature of the heat pipe. The measured data were transferred to a computer through a data acquisition (Agilent 34970A). In the present experimental system, 6 pieces of thermocouple (T1~T6) were set as shown in Fig. 1. T1 is the outlet temperature of the steam exiting the steam generator, T2 is the outlet temperature of the air exiting the heater, T3 is the outlet temperature of the steam exiting the steam heater or the inlet temperature of the fluid entering the hot air flow tunnels, T4 is the outlet temperature of the fluid exiting the hot air flow tunnels, T5 is the inlet temperature of the fluid entering the cold air flow tunnels and T6 is the outlet temperature of the fluid exiting the cold air flow tunnels.
In order to measure the temperature of the outer wall of the oscillating heat pipe heating section accurately, were arranged in the middle of the straight pipe of each heat pipe evaporation section, as shown in Fig. 2 . 12 temperature measurement points were arranged on each heat pipe, so there were a total of 48 measurement points on the four heat pipe. Average on these values, the average temperature of the outer wall of the heat pipe evaporation section was obtained. In order to make the thermocouple probe and the wall of heat pipe contact closely, the thermocouple temperature probe wrapped in the wall of the heat pipe with thin copper sheet, and then welding fixed. External wall temperature approximately equal internal surface temperature, because of its thermal conductivity, the thermal resistance of the tube wall can be ignored.
Experimental Method

Determination of h t 。 。 。
。The heat absorbed by the cold fluid in cold air flow tunnels is described by Eq. Heat exchange between the hot fluid and heat pipe in hot air flow tunnels is described in Eq. (2).
Where Q 2 : the heat flux, (W) h t : the total heat transfer coefficient of the hot gas in hot air flow tunnels, (W/(m 2 ·K)) A: the outer surface area of the oscillating heat pipe evaporation section, (m 2 )
t g : the average temperature of the hot gas in hot air flow tunnels, (K), (2), we can calculate the value of h t . Determination of h. If condensation does not occur when the hot fluid flow through the hot air flow tunnels of the oscillating heat pipe, the convective heat transfer coefficient is described by Eq. (3) and Eq. (4) [7] . 
Results and Discussion
In order to investigate the relationship between the ratio of h t to h and the relative humidity, a serial test was performed.
In this paper, the total heat transfer coefficient (h t ) of the hot gas in hot air flow tunnels was got by a series of tests. The average temperature of the hot gas in hot air flow tunnels was controlled between 80℃ to 105℃.
The relationship between the total heat transfer coefficient (h t ) and the relative humidity was shown in Fig.3 . It can be seen from it, the heat transfer coefficient (h t ) increases with the increasing of the relative humidity of the hot gas. The heat transfer coefficient(h t ) increases from 299 W/(m 2 ·K) to 922 W/(m 2 ·K) as the relative humidity of the hot gas increasing from 19.22% to 60%.
The convective heat transfer coefficient (h) of the gas in hot air flow tunnels was obtained through theoretical calculation. As shown in Fig.4 , the ratio of h t to h increases with the increasing of the relative humidity of the hot gas at the same operating conditions. The results show that the ratio increases from 5 to 20 as the relative humidity of the hot gas increasing from 19.22% to 60%. experimental data matched curve relative humidity (%) Fig. 4 The relationship between the ratio of heat transfer coefficient and the relative humidity h t / h
